The conformational equilibrium of (CH2),CH-COCl in the vapor phase was studied as part of a broader investigation of molecules in the series R-COX. It was found that the cyclobutyl derivative exists almost entirely as gauche conformers, thereby closely resembling isopropyl and differing sharply from cyclopropyl homologues. The nonplanar ring can be bent toward the -COCl substituent
INTRODUCTION
Despite encouraging progress in ab initio calculations, restricted rotation about single bonds remains poorly understood. Several years ago, the conformation equilibria of isopropyl and cyclopropyl carbonyl derivatives of the form (CH&CH-CXO and (CH2),CH-CXO were investigatedlV3. Isopropyl carboxaldehyde displayed normal truns and gauche conformers with all bonds staggered. In the cyclopropyl derivatives tram conformers were present, but cis forms were found instead of gauche. Cis conformers are remarkable in that they eclipse the bonds at the ends of the bond in question, thereby not conforming to Pauling's rationalization ' of restricted rotation. The effect must be attributed to Cyclobutanecarboxylic acid chloride, obtained from the Aldrich Chemical Co., Milwaukee, Wise., was vacuum distilled prior to use. Electron diffraction patterns were recorded at 40 kV on 4 x 5 in. Kodak process plates using an apparatus described previously5. The sample was introduced into the diffraction chamber through a heated nozzle assembly. A temperature of approximately 100 "C was maintained at the no&e while the temperature of the sample flask was regulated independently (22-52') to provide the desired sample pressure. Data were recorded at camera distances of 21 cm using the r2 rotating sector and at 21, 11 and 6.5 cm using the r3 rotating sector under conditions described elsewhere6.
Photographic densities, measured with a recording microphotometer with digitai output7, were converted to relative intensities. Six plates at each camera distance were averaged and included in the structural analysis.
ANALYSIS OF DATA
Experimental intensities were corrected for sector imperfections and extraneous scattering btfore division by the theoretical atomic intensity. The atomic scattering factors used to obtain leveled intensity curves were the analytical eIastic factors of Strand and Bonham' and the inelastic factors of Heisenbergga and Bewiloguagb. Experimental leveled intensity, 1,(s), and intensity background, &(s), functions" for each camera distance are available from ASIS*. Indices of resolution'l were 1.00 for the 21 cm camera distance (r2-sector) and 1.02,) 1.07 and 1.07 for the Z-, 1 l-, and 6.5-cm camera distances (r3-sector).
Experimental and calculated molecular intensities and radial distribution functions were computed as previously describedLo-12 with the usual corrections applied'fJ'3-15. Radial distribution functions,f(r), were calculated using a damping factor of exp(-0.0015s2) and calculated intensities were grafted onto the experimental intensities for s less than 3.5 A-'. This makes the experimental distribution function moderately sensitive, in its broader peaks, to the assumed structure parameters. Therefore, in all comparisons between experimental and * For a listing of experimental intensity data order document No. 01214 from ASIS National Auxifiary Publications Service, c/o CCM Information Sciences, Inc., 22 
The isomeric distribution in the angle of internal rotation and puckered ring conformations is represented by a small set of discrete conformers having maximum increments in internuclear distance of 0.1 A to 0.2 A between conformers. Although the valency angles (r, y, 0: CC0 and Q CCC1 were assumed to be independent of the angle of internal rotation and dihedral angle of the ring, these parameters were found to be somewhat dependent* on the assumed distribution among conformations.
Calculated standard errors took into account the effects of both random and known systematic errorszo**.
* The effects of these assumptions on the reported parameters are believed to be less than the reported uncertainties. ** The effects of systematic interactions implicit in eqn. (27) of this reference were not taken into account. The distribution among rotational tsorners ia cyelobutan~~carboxyfic acid chloride can be inferred frum the relative areas and positions of the peaks in the radial distribution function beyond 2.8 a. Experimental and ~a~~u~ated radial distribution funct;ions for the c& @? = O"), gauche (@ = W'), antigaucke (@ = 120°) and trans (0 = 180") rotational isomers are compared in Fig. 2 . The calculated functions were based on parameters derived from least squares analyses of the composite intensity with the assumption that the cyclobutane ring is planar, since the major features of the distribution function are only moderately sensitive to ring puckering. The major scattering pairs contributing to the calculated distribution fuu~t~on are portrayed by x&tic& fines beneath their respe&ive peaks. See Table 1 for details.
Discrepancies between this calculated distribution function and the experimental function can be reduced by allowing the ring to pucker. The effects of ring puckering are manifested in the radial distribution function primarily at distances greater than 3.6 A, where the major scattering pairs, C2 . -. 0 and C2 ---Cl, dependent on ring puckering, appear. Results of various least squares analyses including small displacements from the gauche conformation and ring puckering are given in Table 1 . The corresponding radial distribution functions constructed from the derived parameters are shown in Fig. 3 . In these analyses, a distribution among three gauche-like isomers was assumed, and the torsional angle of each was allowed to vary in the least squares fitting of the molecular intensity function. The magnitude of the ring dihedral angle, /3, was constrained to be the same for the axial and equatorial conformations in order to make the analysis tractable. In a number of analyses the latter constraint was relaxed and was shown to have no Table 2 and the bond angles and internal rotation angles reported in A matrix of correlation coefficients based on the least squares fit of the composite molecular intensity using a diagonal weight matrix proportional to the scattering variable s is available from ASIS.
Molecular parameters
The values of the bond lengths and selected bond angles are listed in Table 2 . In initial analyses of the anharmonic radial distribution function when all C-C
